This paper investigates the outage performance of a cognitive relay network considering best relay selection in Nakagami-m fading environment. The secondary user is allowed to use the spectrum when it meets the interference constraints predefined by primary user. Due to deep fading, cognitive source is unable to communicate directly with cognitive destination. As such, multiple relays are ready to deliver the signal from the cognitive source to cognitive destination. We select a single best relay and the selected relay uses decode-and-forward protocol. Specifically, we derive the exact outage probability expression, which provides an efficient means to evaluate the effects of several parameters. Finally, numerical simulation results are presented, which validate the correctness of the analytical analysis.
Introduction
In the past decades, the demand for wireless spectrum use has been growing dramatically with the rapidly development of the mobile telecommunication industry. Conventional spectrum management policies use static spectrum assignment to prevent interference. Recently, this policy has led to the well-known artificial spectrum scarcity. Lots of surveys have told us that the licensed spectrum are critically under-utilized, often as low as 2%-15% [1] . This motivates the concept of spectrum reuse that allows secondary users (SUs) to re-use the spectrum. The key technology behind spectrum re-use is cognitive radio (CR) [2] [3] [4] [5] . The CR technology is defined as a technology that can guide the communication system to adjust its power, frequency, modulation, coding, and other parameters to efficiently utilize the licensed spectrum.
Cooperative technology, emerging as a new spatial diversity technique, can effectively combat fading and improve the throughput. However, the advantages of such system achieve at the expense of a reduction in spectral efficiency. As such, relay selection has been investigated [6, 7] to overcome this shortcoming. Recently, cooperation also has great potential to be used in cognitive radio networks, known as cognitive relay networks (CRNs) [8] [9] [10] [11] [12] [13] [14] . In [11] , the exact outage probability of an underlay CRNs using DF relaying with multiple PUs in Rayleigh fading channels has been derived. Most recently, the exact outage probability of an underlay cognitive relay networks over Nakagami-m fading was derived in [12] . In [13] , the outage probability of cognitive amplify-and-forward (AF) relay networks in independent non-identically distributed (i. n. i. d) Nakagami-m fading was investigated. The outage probability of dual-hop CRNs considering the direct link and interference from primary user has been derived in [14] . In [15] , the outage performance of CRNs considering both direct link and relay selection was investigated in Rayleigh fading environment. The outage analysis of amplify-and-forward with partial relay selection under spectrum-sharing constraints was analyzed in [16] .
While those previous work have improved our understanding on the outage performance of CRNs. However, the previous work [11] [12] [13] [14] ignored the relay selection, and [15, 16] considered the Rayleigh fading environment. To the best of our knowledge, the outage performance of CRNs considering relay selection in Nakagami-m fading environment is almost unexplored from the analytical point view. As such, the main focus of this paper is to fill this important gap.
The remainder of this paper is organized as follows. Section II presents a brief description of system model. In Section III, the exact outage probability expression of the considered system is derived. Some numerical results are presented to validate the correctness of theoretical analysis in Section IV. Finally, some concluding remarks are provided in Section V. 
where 0 denotes the variance of additive white Gaussian noise (AWGN). For simplicity of analysis, we set 0 N 1 N  . Because we select the best decode-and-forward protocol in this paper. As such, the end-to-end SIR can be denoted as
Outage Probability
In this section, we will derive the outage probability of the considered system. The outage probability, i.e., the end-to-end SIR falls below the threshold th  , is expressed as
Accordingly, the main focus is to derive the CDF of are not independent due to common variable . For simplicity of representation, we set
Therefore, the CDF of U conditioned on X can be expressed as
As such, the main focus is to derive the ( | ) 
As such, the ( | )
Due to independent distribution and random variable 
Based on (14) , the unconditional cumulative distributed function of 
Substituting (3) and (14) into (15) can be expanded as follows
Plugging (17) into (16), the exact outage expression can be expressed as
Numerical Results
In this section, we confirm the analytical results derived in Section III via comparisons using Monte Carlo simulations. We mainly focus on the impacts of interference links, transmit links and the maximum allowable transmit power of primary user on the outage performance of the considered system. Specifically, all the simulation results are obtained through independent trials. 8 10 Firstly, we evaluate the impact of the number of relays on the outage performance of the cognitive relay networks. The parameters for simulation are set as follows: 3 1 m  and 4 . Specifically, we consider three schemes in the simulation: Scheme 1: Figure 2 shows that the outage performance of the considered system will improve when we increase . Similarly, the same conclusion can be obtained from the parameters Q M and the M affects the diversity of the considered system. Moreover, the Monte Carlo simulation results keep tight with the analytical results which validate the analytical analysis.
Secondly, we evaluate the impact of channel gains of the secondary system on the outage performance of the cognitive relay networks. As such, the channels gains between the secondary user and the primary user keep fixed. We consider two schemes in the simulation: Scheme 1: , Scheme 2: , . Figure 3 clearly shows that the outage performance will improve greatly when we increase the quality of channel gains of the secondary system. specifically, the channel gains of the secondary system will not affect the diversity of the considered system. Lastly, we evaluate the impact of the channel gains from the primary user on the outage performance of the cognitive relay networks. As such, the channel gains between secondary system keep fixed. Similarly, we also consider two schemes in the simulation: Scheme 1:
, Scheme 2:
. We can directly observe from Figure 4 that the outage probability will increase when the quality of primary links becomes better. Moreover, the channel gains between secondary user and primary user do not affect the diversity of the considered system. 
Conclusion
In this paper, the outage performance of cognitive relay networks with multiple relays was derived in Nakagamim fading environment. We consider a spectrum-sharing system with a primary user as long as the secondary user meets the power interference requirements predefined by the primary user. Specifically, the best decode-and-forward relay selection protocol is adopted in this paper. Moreover, we derived the exact outage probability expression, which provides an efficient means to evaluate the effects of several parameters. Last, numerical results are provided, and the Monte Carlo simulations results match well with the analysis results.
